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Introduction 


Purpose  of  this  Booklet 

The  purpose  of  this  booklet  is  to  provide 
teachers,  administrators,  students,  and 
parents  with  samples  of  students’ 
performances  that  exemplify  standards  in 
relation  to  the  1992  Grade  9 Mathematics 
Performance-Based  Assessment  Tasks.  The 
commentaries  that  accompany  the  samples 
highlight  selected  features  of  the  students’ 
responses  and  show  how  the  scoring  criteria 
relate  to  students’  work. 


Mathematics  Assessment  in  1992 

The  Grade  9 Mathematics  assessment  in 
1992  collected  and  reported  on  a range  of 
learning  expectations.  Three  strategies  were 
used  to  collect  this  information:  the 
achievement  test,  a survey  of  student 
attitudes,  and  performance-based  assessment 
tasks.  Provincial  results  are  reported  fully  in 
the  Achievement  Testing  Program  Provincial 
Report,  June  1992  Administration.  The 
performance-based  assessment  component  is 
the  specific  focus  of  this  booklet. 


Selection  of  Samples 

The  samples  of  students’  work  selected  for 
this  booklet  were  used  for  training  markers 
during  the  July  1992  marking  session.  As 
such,  these  examples  generally  illustrate  the 
quality  of  students’  work  at  each  of  three 
levels:  Beyond  Grade  9 Level,  At  Grade  9 
Level,  and  Not  Yet  At  Grade  9 Level. 


Confirming  Standards 

The  initial  work  of  confirming  the  standards 
that  would  govern  the  scoring  of  student 
performances  was  undertaken  by  a group  of 
experienced  Grade  9 Mathematics  teachers 
on  July  2 and  3, 1992. 


Their  task  was  to  read  a large  enough 
sample  of  student  responses  to  select  those 
that  exemplified  the  different  levels  of 
performance.  In  addition,  the  teachers 
suggested  adjustments  to  the  scoring  guide 
where  needed  and  prepared  specific  notes 
for  use  during  the  marking  session. 

These  teachers  also  served  as  group  leaders 
during  the  marking  session.  They  used  the 
selected  examples  to  set  the  scoring 
guidelines  and  to  train  teachers  for  the 
marking  session. 


Marking  Session 

Teachers  were  selected  for  marking  on  the 
recommendation  of  their  superintendents. 

All  markers  were  teaching  Grade  9 
Mathematics  in  the  same  school  year  the 
performance-based  assessment  was 
administered  and  had  done  so  for  at  least 
two  years. 

Markers  followed  agreed-upon  standards 
when  scoring  student  responses.  During  the 
marking  session,  each  marker  scored  a 
student’s  response  for  problem-solving  skills 
and  communication  skills.  Strategies  for 
judging  communication  went  beyond  just 
written  statements — teachers  considered 
organization  and  presentation  of  data,  use  of 
diagrams,  use  of  symbolism,  or  other 
strategies  that  a student  might  have  used  in 
preparing  a response. 
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General  Description  of  the  Performance-Based  Assessment 


Background 

The  performance-based  assessment  was 
developed  to  assess  students’  higher  order 
thinking  skills  in  real-life  problem-solving 
situations.  The  tasks  assessed  aspects  of 
mathematics  that  cannot  be  easily  measured 
by  paper-and-pencil  tests. 


The  activities  allowed  students  to  use  a 
variety  of  strategies,  to  use  manipulatives, 
and  to  collect  data.  Students  used 
manipulatives  in  solving  the  problems  and  in 
collecting  information.  Students  were  asked 
to  explain  the  strategies  they  used  and  how 
they  carried  out  these  strategies  to  solve 
problems.  Their  written  responses  provided 
another  picture  of  what  they  knew  and  were 
capable  of  doing. 


Brief  Description  of  Each  Assessment  Activity 


Name 

Content 

Area 

Learning 

Expectation/Skill 

Area 

Name 

Content 

Area 

Learning 

Expectation/Skill 

Area 

1 

Seating 

Place 

Numeration 

Measurement 

Analysis  of  Problems 
Use  of  a Model 
Use  of  Factors 
Relation  between 
Perimeter  and  Area 

2 

Highway  to 
Mathematics 

Measurement 
Ratio  and 
Proportion 

Application  of 
Measurement  i 
Use  of  Proportion 
Use  of  Map 
Legend 

3 

Solar 

Cylinder 

Geometry 

Measurement 

Operations 

Application 

Analysis 

Synthesis — Subproblems 
Use  of  Measuring  Skills 
Finding  Area 
Checking  Reasonableness 
of  Answer 

4 

Ski  Jumping 

Data  Collection 
Data 

Management 

Numeration 

Data  Collection 
and  Recording 
Display  of  Data 
Analysis  of  Data 
Interpretation  of 
Data 

5 

Bucket 
of  Beans 

Measurement 

Analysis 

Estimation 

Checking  Reasonableness 
of  Answer 

6 

Packaging 

Numeration 

Analysis 
Monitoring 
Use  of  Factors 
Finding  Greatest 
Common  Factor 

2 


Sampling 


Twenty-two  schools  were  randomly  selected 
to  participate  in  this  assessment.  From  these 
schools,  528  students  were  randomly 
selected;  of  these,  504  did  the  performance- 
based  assessment.  Students  who  were 
absent  were  not  asked  to  participate  in 
make-up  sessions. 


Administration 

This  assessment  was  administered  by  trained 
assessors  who  followed  standard  procedures. 
The  assessment  consisted  of  six  real-life 
problems  presented  at  six  stations.  Each 
station  consisted  of: 

• a student  activity  sheet  listing  the  problem, 
materials  that  may  be  used,  and 
instructions 

• materials 

• a student  recording  booklet 


Three  circuits,  each  with  six  stations,  were 
set  up.  A maximum  of  15  students  were 
assigned  to  each  session  and  given  as  much 
time  as  necessary  to  complete  the  tasks. 
This  allowed  for  five  students  to  work 
through  the  six  activities  at  each  circuit. 
Typically,  between  1.5  and  2 hours  were 
needed  for  each  student  to  complete  the  six 
tasks. 

The  assessment  took  place  between  May  1 1 
and  June  2,  1992.  The  schools  selected 
provided  excellent  cooperation  in  making 
space  and  tables  available  for  this 
assessment. 
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Samples  of  Students’  Performance 


Activity  1:  Seating  Place 


Problem : There  are  sixteen  students  on  the  Elmo  Junior  High  School  Council.  When  the 
Student  Council  has  a meeting,  sixteen  small  square  tables  are  arranged  to  form  a large  square,  so 
that  each  member  will  have  a place  to  sit. 


) 

) 

) 

) 


w w V-/ 


The  students  at  Elmo  Junior  High  School  elected  four  additional  students  to  the  Student  Council. 
How  can  the  members  rearrange  the  sixteen  tables  into  a new  rectangular  shape  with  no  holes  in 
the  middle  so  that  all  twenty  people  will  have  a place  to  sit,  and  no  seats  will  be  empty? 


Materials : 16  squares  (4  cm  x 4 cm) 


This  solution  was  scored  “Beyond  Grade  9 Level.’ 


1 . How  can  the  members  rearrange  the  sixteen  tables  to  seat  20 

students?  \rxCitejGud  ClAAOJ^QL</^  \JhiAY\  -lA.  "1  fOJl^ 

ca_/rv_  -feJbJEiLo  Jun. 

8a^uo  4 2, . tITiTiTTp 

2.  What  is  the  greatest  number  of  students  that  can  be  seated  at  sixteen 
square  tables  arranged  in  a rectangular  shape  at  the  council  meeting? 

Draw  the  arrangement  State  how  many  can  be  seated. 

ecu \ bs-  -ig  you.  p£ouCX 

ift.  a AOVO  4 u lb  ioJcJk^. 

<m  □ jfffm  i I I TT  h 

A 2.*.  \ 

3.  If  you  had  1 2 tables,  how  many  different  size  groups  could  be  seated?  ( 

Draw  all  these  arrangements  and  state  how  many  can  be  seated.  V Ax  7 


t-p 

r\  i 

■>  lasted  < nip. 

^ 1 

? < UL  Li 

- y^  coouseoi  w ' 

)4  a 

/ 12  co-meri.  abided 
f ir<fac>  cxrvM  more  Au mbe*$\ CrCCCC^ 


vp\±CJD\X\ d SCOIT 

46  people.. 

If  acu  IrW.  one 

~ ~~  \cMa-fcxb\eo? 

i i opuc an. 

2Gpaop\e. 


ia 


U U U U v/V 


The  problem  was 
analyzed  and  readily 
understood.  The 
student  understood 
“rectangular  shape”  and 
“no  holes  in  the 
middle.”  The  student 
provided  evidence  of 
efficient  and  workable 
strategies  by  showing 
factors  of  12  and  16  and 
by  drawing  diagrams. 

As  well,  there  was 
explicit  evidence  that 
the  strategies  were 
carried  out,  i.e.,  the 
student  showed  the 
number  of  chairs  around 
the  tables.  All  possible 
arrangements  were 
given.  Conclusions 
were  related  to  the 
questions  asked  and 
were  given  in  clear, 
complete  sentences  in 
context. 
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This  solution  was  scored  “At  Grade  9 Level.” 


1 .  How  can  the  members  rearrange  the  sixteen  tables  to  seat  20 
students?  . _ 

>fioa&6&t}Q» 


2.  What  is  the  greatest  number  of  students  that  can  be  seated  at  sixteen 
square  tables  arranged  in  a rectangular  shape  at  the  council  meeting? 

Draw  the  arrangement.  State  how  many  can  be  seated. 

‘ QDQQk  icKjrq^t  <^rv\c>Ln^J'  aL 

itOOGD?  ujooIcA  bey3»*  «fttDb^b&Qoa&QQ&f 

15  rir-tnm  * x.  2-*  ^ 3. 


KQQOQ5  20000  DODO  Cm 

»3  <2  li  io  ill & /?  u=-J5  1*1317. 

3.  If  you  had  1 2 tables,  how  many  different  size  groups  could  be  seated? 
Draw  all  these  arrangements  and  state  how  many  can  be  seated. 

,Wb-  .fadb&to 

iro,  >^00000^ 

!3n  np7  <5«-oizuio 

“Oao* 

II  10  9 


The  problem  was 
analyzed  and 
understood.  The 
student  understood 
“rectangular  shape”  and 
“no  holes  in  the 
middle.”  The  student 
provided  evidence  of  a 
strategy  by  drawing 
diagrams.  However,  in 
question  3,  one 
possibility  was  omitted. 
As  well,  there  was  only 
one  statement 
connecting  the  answer 
to  the  question  asked. 
Questions  1 and  3 
lacked  statements  but 
did  have  numerical 
values. 


This  solution  was  scored  “Not  Yet  At  Grade  9 Level.” 


1 . How  can  the  members  rearrange  the  sixteen  tables  to  seat  20 
students? 

<aaaaanaa> 

<ggnggggg> 


2.  What  is  the  greatest  number  of  students  that  can  be  seated  at  sixteen 
square  tables  arranged  in  a rectangular  shape  at  the  council  meeting? 
Draw  the  arrangement  State  how  many  can  be  seated. 


3.  If  you  harflFtables,  how  many  different  size  groups  could  be  seated? 
Draw  all  these  arrangements  and  state  how  many  can  be  seated. 


1^.  JUU^Xltk 


\T. 

% 


"iksSBU  i*'  Im 


u V>M 
)-L  tcJlrtui 


The  problem  was  only 
partially  understood. 
The  student  either  did 
not  understand 
“rectangular  shape”  or 
did  not  attend  carefully 
to  the  problem  posed. 
This  resulted  in  an 
inappropriate  response 
to  question  2.  As  well, 
the  student  did  not  show 
all  possibilities  for 
question  3.  Statements 
relating  the  answer  were 
made  for  two  out  of  the 
three  questions  asked. 
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Activity  2:  Highway  to  Mathematics 

Problem : Paul  is  working  for  Parks  Canada  in  Jasper  during  the  summer.  One  of  his 
assignments  is  to  check  the  accuracy  of  park  maps  given  to  visitors.  Today,  Paul  is  going  to 
check  the  distance  Cl  and  BE  on  the  map  (see  Appendix  A)  by  travelling  in  his  car.  First  he 
wants  to  check  the  distances  on  the  map.  Help  him  to  do  this. 

Materials : map 
ruler 
compass 

penny  (polygon  type) 

copper  wire  (very  fine  and  flexible) 


This  solution  was  scored  “Beyond  Grade  9 Level.” 


1.  Find  the  actual  distance  from  C to  I.  Find  the  actual  distance  from  B to  E.  Show  all 
your  work  and  explain  how  you  did  it 

C 4-p  X - X kW.  AW- 

layed  <douJf\  o\oa^  AW  co<k6  on 
b cAwe-erN  C vjay 

Wd  A-Ve.  'road  c*\  jl-ro.4 

l’’  *x 

u\re.#  T-  . 


c r 

^ X 4b.  c Vo  "i  ^ 

«=>Vro.v  \\tsc.  WoJr  c6o\4  ea^Ay 

X \kcr\  or\  w'CC  xV  • uj* 

“I-  S’cjr^N  "tkc.  2-C-«V\  £ \Wws  ^>0  X c^ClCj 

t-o  c&\tuWt  <4  ^^ily  vborc.  . 

_ 2 . T C^T, 

I 


^2**  l*X€T 


~ = 1.5 

6 X 


ki<\rweo\  pot«rA- 
C X V15k*l 


The  problem  was 
analyzed  and  readily 
understood.  The 
student  developed  an 
efficient  and  workable 
strategy.  The  copper 
wire  was  used  to 
measure  the  length.  In 
question  3,  the  student 
correcdy  used  the  coin 
and  its  circumference. 
There  was  explicit 
evidence  of  carrying  out 
the  strategy.  This 
student  laid  out  the  wire 
along  the  path  and 
converted  measured 
distance  to  actual 
distance.  The 
information  was 
synthesized  and  a 
conclusion  given  in 
context. 
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D\<,Vax\’ce.  Vo  ^ 

X *<_OwC.V\  \t\<^'\\/i<taoA  ^ <"0  C.  €.d  vK  <-  'YrOWs 

C.  Vo  X C-eJ-e^olly,  Idyv/XO^  0»A  VW.  vOvC-C,  rA-te^  J c \v\  (j 
* <X'TV^  C 0 \ at  i *\  Yn*.  <Y'«bY  . 1 Ve.  ^tuiurt 

€>^  VW  VJ\C€-  VJCX<^»  lMc*>. 


_ 1 4 cv^ 

,k*~ 

2*  - U'M 
2x*  W 
_x*  _ \M 

z ^ 

X*1 

”TU_  d^sto^te  ^€.Vwo<^\  po<r\\  S>  o.oi  poir\V  E 
i*b  ”1  Icwn  . 


This  student  used  both 
written  communication 
and  mathematical 
calculations  in  an 
effective  way  in  solving 
the  problem.  The 
written  work  was  clear 
and  the  calculations 
correct. 


2.  Is  your  answer  reasonable?  Explain  why  or  why  not 

<s  reAtoTiab\t.  "TKis.  d.' U~anct  VU. 
ro<*.d  Vo  ca<--e.^porti  wlfK  vWd,t,Uni_t 

e>~  AW  W^-orvJ,  Tks  •Jntuii.  V-C  VW~  my 

e-AcoU^ns,  are  tW  4c,  or  evcccfy 

c-orr/^t  ' 


3.  What  other  way  can  you  solve  this  problem,  using  any  of  the  materials 
provided? 

vj^^.  YW.  ^>^r\r\\j , 13=><  r^p\y  COaVi^hj^  Yo  Y{'i  p 

'Y  £>0^,  C-OOoS  Yv^v^J  *^\CKjf\y  Vnvor\£^ 

.'i  OJvi  ^o\Vip\\/  4-WV  nurvAa-c/C  \os/  vW_ 

6\o^~ voV-CT  o4  p<y,Ovy 


The  student  clearly 
explained  the 
reasonableness  of  the 
answer.  As  well,  the 
responses  to  questions  3 
and  4 indicate  that  this 
student  was  aware  that 
alternative  strategies 
can  be  used  to  solve  the 
problem. 


4.  How  would  you  solve  this  problem  without  using  the  materials 
provided? 

^ W.;  Os(r\c^  wo/  \{f\rjcr&  <xs 

£e\j\ccL 
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This  solution  was  scored  “At  Grade  9 Level.” 


t. 


Find  the  actual  distance  from  C to  I.  Find  the  actual  distance  from  B to  E.  Show  all 
your  work  and  explain  how  you  did  it 


c-l  - 


6-f 


J^jO-ry\  C~  \ C_A 

Qj^cf 

Own  <x^mAc^cX  oJ^  ex  qjyy\ 

CX&3A;  JzK&X  T^jL  i^o&JLd  ojb 
v-XKs.  CU\d  .'Yr^cv<W-~1^ 

uo  JJ\jK  -AjhJL  CTr\r\  Ay^lXA.  . <Sj(db 

jJKjoJ’s  QlC-Wn  r.  \ Vlyy\ 

^x/ncx  ^Ukx  c^vwi 

*¥*>  !3.lofem_Co 
^ eO^t^vxce  ^4^  c_  J 

Cm  read-,  - , ^.Scm  * x 


- ^^Krv\ 


The  problem  was 
analyzed  correctly  and 
understood.  The  scale 
was  interpreted 
correcdy.  The  student 
used  and  explained  a 
workable  strategy,  i.e., 
the  copper  wire. 

Results  from  the 
measurement  were  very 
accurate,  but  the 
conversion  to  actual 
measurement  was 
incorrectly  done. 


2.  Is  your  answer  reasonable?  Explain  why  or  why  not. 


v^A*  /v>v^  sfXiXc^n.  t Ai*vfe 

OlX  v_oa»  jLkcCouuX-  CoppiA, 

\j)ZX0  O-  -A-O 

WVG. 


3.  What  other  way  can  you  solve  this  problem,  using  any  of  the  materials 
provided?  |JL/^^r\Qj  vj4“\X  e^an^jpo^O  <X^\o{, 
OrAtcc^UAjL^rtg  vjcfc  -f34-^jfcfcvv>g 

up>  cJusysjL  ^to  JsikiL  /xa^uLg>A. 
CUy\  cl  nJLpJtO^l.  ccyxa-j  CA-*-hAM 

OAfL  ItvJj  . 


4.  How  would  you  solve  this  problem  without  using  the  materials 

gl  /xs^JLxAs  O/vxot. 

vjJCHaiot 

tfJLAs-fy.  GLC<Ux^ai^.  8 


The  student  explained 
the  appropriateness  of 
the  strategy  but  did  not 
answer  the  question 
about  the 

reasonableness  of  the 
answer. 


This  student  recognized 
that  there  are  other  ways 
to  solve  the  problem 
and  briefly  explained 
how  this  might  be  done. 
Problems  that  might  be 
encountered  using 
different  strategies  were 
also  cited. 


This  solution  was  scored  “Not  Yet  At  Grade  9 Level.” 


Show  all  your  work  by  answering  these  questions  so  that  Paul  can  understand  how 
these  results  were  obtained. 


t . Find  the  actual  distance  from  C to  I.  Find  the  actual  distance  from  B to  E.  Show  all 
your  work  and  explain  how  you  did  it  fr<?rr>  <Z  l t / / 7 £ 

^ ■***/  1 / fccx  'tk-  srn«l(e*s\' 

&^nd  l £@((e^ed  #><2-  ro&cf  /r3£**sc~.ce.ci 

r 'S'  <^C.<T  cr>o  .0 , { CZ  . 


- «.  fw  *“ 

r *TC£. 


The  task  was 
understood.  The 
student  developed  a 
workable  strategy  to 
solve  the  problem  but, 
in  converting,  the 
measurement  was  based 
on  an  incorrect 
assumption  that  1 cm  = 

1 km.  The  plan  was  not 
carried  out  successfully; 
thus,  a reasonable 
answer  was  not  found. 


2.  Is  your  answer  reasonable?  Explain  why  or  why  not. 

Yes 

I very  flo&'ci  & r7>c*rf>  c*  /'S’O 

H y&r  * 


3.  What  other  way  can  you  solve  this  problem,  using  any  of  the  materials 
provided?  )W  Coc*.  Id 


The  support  for 
reasonableness  was  not 
based  on  sound 
mathematical  reasoning. 
Although  an  alternative 
strategy  was  suggested, 
the  explanation  lacks 
detail. 


4.  How  would  you  solve  this  problem  without  using  the  materials 

provided?  J \^e  <zble  to  c/o  / i~ 

ths.  rr><^  r 
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Activity  3:  Solar  Cylinder 

Problem : Adam  owns  a company  that  makes  solar  cylinders.  He  needs  to  know  the  shape  and 
surface  area  of  the  label  to  send  to  the  graphics  department.  Help  him  find  out  what  shape,  size, 
and  area  the  label  should  be. 

Hint:  The  label  covers  the  whole  lateral  surface  of  the  cell. 

Materials:  solar  cylinder 
paper 

scissors  and  scotch  tape 
pencil  and  ruler 
calculator 


This  solution  was  scored  “Beyond  Grade  9 Level.” 


1 .  Explain  your  method  for  finding  the  shape  of  the  label  needed  for  the  solar  cylinder. 

X-  u>rcLp^a.d  a.  cou-s~>3  dcA  fo  make. 

X-+  look^  ViK 


2.  Explain  how  you  would  find  the  surface  area  of  the  latx  I. 


*HaS 

. , t(D^2+WLn 

reused 

3.  Find  the  surface  area  of  the  above  label.  Show  all  your  work. 


= IlcZ.McrJ 
Ar 

J7  qs.b  3cor\* 


(A 


Q09  Crr? 


The  problem  was 
analyzed  and  readily 
understood.  The  work 
shows  an  understanding 
of  lateral  surface  area. 
The  student  used  an 
efficient  and  workable 
strategy.  The  wrapping 
method  conveyed  the 
shape  and  size  of  the 
label.  The  process  was 
communicated  clearly 
and  the  calculations 
were  carefully  done. 

The  student  provided 
explicit  evidence  of 
carrying  out  the  strategy 
in  diagrams  and 
explanations.  The 
solution  was  given  in 
context  with  correct 
units  of  measure. 
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This  solution  was  scored  “At  Grade  9 Level.” 


Explain  your  method  for  finding  the  shape  of  the  label  needed  for  the  solar  cylinder. 

Z0y%i-  pi UOO  ^ /<Y3UX'  ■<VT®*t/rv^  /wCoJi-  . 

fUt, 


4 . ii4u.  tMrvfl  ACi^kJVJ^  f /iMt 


■C^rtX'L  jtCl.  l^rttan 


■tfa 


rr*^ 


Icp  f oJX.  As.  Cu*  hJu_ 


^ /w*6-  ^U.  yjj  >^u_  JLcJk^  ' 


The  problem  was 
analyzed  and  well 
understood.  The 
student  developed  a 
workable  strategy  and 
provided  explanations 
in  questions  1 and  2. 


Explain  how  you  would  find  the  surface  area  of  the  label. 

A.  yM^  ^ ^ i 

3.  W X A.10I Ivf^V^  — 

y|l|x  ^.Voi^orx  K^Vct  ^ Z-  s<"£<xc-t.  ., 

&<)d.  ~toC^ti\WV  4"  4v<w<_  Cc,  eUULO^_ . 


The  method  for  finding 
the  surface  area  was 
correct  in  all  aspects. 


3.  Find  the  surface  area  of  the  above  label.  Show  all  your  work. 


3.14x5.  3 ct^x  9.5  -[/££  ■ QQ°>cvv?f 
- ^.5  - <-5_ 

3.14  * 5. -3  (fe  ^ /tT7qM  qSc^l 

K|.cm  4 -?q  t 044  S’ 

*M*l**e^  j JU  icJUt  ZT l.tMgf, 


Evidence  was  shown  in 
question  3 that  the 
student  carried  out  the 
plan  correcdy. 

However,  an  error  was 
made  in  calculating  the 
half  cylinder  even 
though  the 
measurements  were 
correct  (the  student  used 
9.5  instead  of  5.5).  The 
solution  was  related  to 
the  context  of  the 
problem.  However, 
because  of  the 
calculation  error,  the 
answer  was  outside  the 
acceptable  range. 
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This  solution  was  scored  “Not  Yet  At  Grade  9 Level.” 


1 . Explain  your  method  for  finding  the  shape  of  the  label  needed  for  the  solar  cylinder. 

■4S / -rt'  f -cS 


The  problem  was 
analyzed  and  partially 
understood.  The 
student  gave  no  clear 
explanation  of  a 
workable  strategy. 


2.  Explain  how  you  would  find  the  surface  area  of  the  label. 


The  sketch  in  question  2 
suggests  that  the 
wrapping  method  was 
attempted  but 
overlapping  of  the  paper 
gave  more  area  than 
necessary.  There  is  no 
indication  of  how  the 
wrapping  method  is 
related  to  calculating  the 
surface  area. 


3.  Find  the  surface  area  of  the  above  label.  Show  all  your  work. 

- S.3S-  /<*"•  $ 


/<?.  8*  io  -- 

<■  II  os 


l I V<r  -ips 


S 


e*  C 


The  answer  has 
incorrect  units  and  does 
not  relate  to  the 
question  asked. 
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Activity  4:  Ski  Jumping 

Problem : What  is  the  relationship  between  the  distance  a ski  jumper  moves  down  the  slope  of  a 
ski  jump  and  the  distance  he  travels  horizontally  before  he  lands?  A 30  cm  ruler  with  a groove 
down  the  middle  is  set  up  as  shown.  The  lower  end  is  3 cm  from  the  edge  of  the  desk.  A marble 
is  rolled  down  the  ruler  from  different  positions.  It  hits  the  paper  on  the  floor. 


Vary  the  distances  for  D — 3 cm,  9 cm,  15  cm,  21  cm,  27  cm.  Measure  the  distance  for  each  d. 

Materials:  30  cm  ruler  with  a groove  down  the  middle 
marble 
plumb  line 
large  sheet  of  paper 
measuring  ruler 
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This  solution  was  scored  “Beyond  Grade  9 Level.” 


1 . Plan  and  record  the  data  in  some  suitab^wa*^''''^ 


'-TLc 

3crv\ 

J^Strvh 

q 

IS**** 

2J  ^ 

Tl  crv. 

M-/.G 

The  problem  was 
analyzed  and  readily 
understood.  The 
student  collected  and 
displayed  data  using 
appropriate  labels. 


2.  Draw  a suitable  graph  for  the  data 


s# 

(r5  n 

Zl 

lb 

a 

q 

£ 

3 


* ft  . , 

frf-f  4 i^p1- 


• 

/ 

y 

y 

r 

V 

/ 

’ * < 

] 

19  \X  |V  I 

b 1 

*1®  XI  ?b  ?y  >X  U lb  ' 

tL 


3.  From  the  graph,  predict  the  distance  d when  D is  36  cm. 

jlJJt  1<L  S'!  cm . 


A line  graph  was 
appropriately  used  for 
continuous  data  and 
extrapolation  was 
indicated  by  extending 
the  graph.  A suitable 
scale  was  used  for  the 
graph,  and  all 
components  were 
labelled  correctly. 


A suitable  prediction 
was  derived  by 
extrapolating  from  the 
graph. 


4 How  could  you  modify  the  ruler  so  that  you  can  increase  d?  r 

. X K +L  ^ 

0>u.  4c3  >-?■  -^Ti  -M 


The  student  gave  a good 
explanation  as  to  how 
the  ruler  would  be 
modified.  A small 
diagram  was  used  to 
further  support  the 
explanation. 
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This  solution  was  scored  “At  Grade  9 Level.” 


1 Plan  and  record  the  data  in  some  suitable  way. 
OcyVCX  OnoorV 

+r>f?  s- 


fio-e 


2.  Draw  a suitable  graph  <p%g%hficns 


3.  From  the  graph,  predict  the  distanced  when  D is  36  cm. 

i-foccr, 


The  problem  was 
understood.  The 
student  collected  and 
displayed  data  in  a 
suitable  format.  The 
chart  and  graph  were 
labelled. 


A line  graph  was 
appropriately  used  for 
continuous  data. 
However,  the  student 
made  errors  in  labelling, 
scaling,  and  plotting  the 
graph. 


An  acceptable 
prediction  was  derived 
through  extrapolation 
from  the  graph. 


4.  How  could  you  modify  the  ruler  so  that  you  can  increase  d? 


The  student  made  no 
attempt  to  answer 
question  4. 
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This  solution  was  scored  “Not  Yet  At  Grade  9 Level.” 


i. 


Plan  and  record  the  data  in  some  suitable  way. 


3-  & 

q-ai.'o 

\5-3C 


SI  -3(5-5 

<51-  H\ 


The  data  collected 
suggest  that  the  problem 
was  partially 
understood,  but  the  data 
were  poorly  displayed 
with  no  labels  or 
meaningful 
organization. 

The  student  did  not 
draw  a suitable  graph 
for  the  continuous 
information.  No 
labelling  appears  on  the 
graph. 


3.  From  the  graph,  predict  the  distance  d when  D is  36  cm. 

T predict  -the. distance  «-*>*«  11  oJosoi  cm?. 


The  prediction  was 
within  an  acceptable 
range,  but  how  this  was 
obtained  is  not  clear. 


4.  How  could  you  modify  the  ruler  so  that  you  can  increase  d? 

^ ^tort€r 

io  OOOJD  X ^oo \6  tc  UbCAJia c& 

<L. 


TY»\S 

haooit  -o 


An  acceptable 
explanation  of  how  the 
ruler  could  be  modified 
was  given  in  this 
solution. 
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Activity  5:  Bucket  of  Beans 

Problem : Estimate  the  number  of  beans  in  the  bucket. 

Materials : large  bucket  of  beans 
magic  markers 
tray 

small  cup 


This  solution  was  scored  “Beyond  Grade  9 Level.” 


1 . Explain  the  strategy  you  used  to  estimate  the  number  of  beans. 

-02.C d CX  Cju^) 

LOdJh  \Z)^>  jU&A-rNO,  a rmOAk  "JtSlC  ^ 

jylhi  tfc?  Cup,  r^mWl  -tt  ikeft  lySij[f>nA  t® 

■ a j&pk  o loJSy,  0 - ^ ^arr>o  3 ^ ifc-f  ^ 


The  problem  was 
analyzed  and  readily 
understood.  The 
student  clearly 
described  an  efficient 
and  workable  strategy. 
The  student  provided 
explicit  evidence  of 
carrying  out  the  strategy 
by  using  a cup  to 
determine  estimates. 

The  uniqueness  of  this 
solution  was  in  using 
100  beans  (an  excellent 
estimating  number). 
There  is  indication  of 
tallying  for  recording 
the  number  of  100  bean 
cups. 


2.  About  how  many  beans  are  there  in  the  bucket? 

|i.*> 

- * 

Qnsi  cxh^jik  ] *5  O Leorrvo  t*o  Wikdt. 


The  numbers  used  (18.5 
and  100)  are  such  that 
the  answer  was  arrived 
at  by  mental 
computation.  The 
answer  was  well  within 
the  acceptable  range 
(1600-1900). 
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This  solution  was  scored  “At  Grade  9 Level.” 


1 . Explain  the  strategy  you  used  to  estimate  the  number  of  beans. 

■'O  4V<L  rwO^\c  CLodp)  & 

^ ^Wv  ^ ooAV  C«*<W 

^iL  c.^.T  rriecxsu«-€£i  <V/a  <5.^-  4* 

r^ys  v ecvsJpW)  -H-«L  ° 

iqs'x^sn-  nsis- 


The  problem  was 
understood  and  the 
student  provided  a 
workable  strategy. 
However,  it  is  evident 
from  the  way  the  plan 
was  carried  out  that  the 
meaning  of  estimation 
was  not  clear  to  the 
student.  Exact 
calculation,  rather  than 
rounding  and  mental 
computation,  was  used 
to  arrive  at  an  answer. 


2.  About  how  many  beans  are  there  in  the  bucket? 

£o\t&np  ctocA  YiSTl  \o 


The  answer  was  within 
the  acceptable  range  of 
1600-1900  and  was 
correctly  related  to  the 
question. 


The  solution  was  scored  “Not  Yet  At  Grade  9 Level.” 


1.  Explain  the  strategy  you  used  to  estimate  the  number  of  beans. 

J faltA  if  <V<_  ClAkj  COOirclcA  / Xoaa^iN  c^\ 

CAwiA  <S^N 


The  problem  was 
understood  and  a 
workable  strategy  was 
decided  on,  but  the 
student  did  not  carry  out 
the  plan  successfully. 

An  early  error  in 
counting  or  recording  the 
number  of  beans  in  a cup 
meant  that  the  answer 
was  far  outside  the 
acceptable  range  of 
1600-1900. 


2.  About  how  many  beans  are  there  in  the  bucket? 


~1  S f »/- 


The  answer  was  not 
related  to  the  question. 


\ 

■j 
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Activity  6:  Packaging 

Problem : You  are  working  for  Safeway.  You  need  to  make  as  many  packages  as  possible 
containing  both  red  and  white  onions.  You  are  given  two  boxes  with  24  red  onions  in  one  and  36 
white  onions  in  the  other.  The  red  onions  and  white  onions  need  to  be  packaged  in  such  a way 
that  each  bag  will  have  the  same  number  of  red  onions  in  each  bag.  The  number  of  red  onions 
and  number  of  white  onions  need  not  be  equal  in  each  bag.  Package  these  for  Safeway. 

Materials:  24  cubes  of  one  colour 

36  cubes  of  another  colour 
plastic  bags 


This  solution  was  scored  “Beyond  Grade  9 Level.” 


i. 


How  many  packages  of  onions  did  you  make? 

T jr^ole  12  p&ctye>  of 


The  problem  was 
analyzed  and  readily 
understood.  There  is 
evidence  of  the  student 
finding  the  greatest 
common  factor  of  24 
and  36.  The  student 
then  divided  24  and  36 
by  this  greatest  common 
factor  to  find  the 
solution.  This  was 
related  to  the  number  of 
the  packages  and  how 
many  of  each  type  fit 
into  the  bag. 


2. 


How  many  red  onions  and  how  many  white  onions  did  you  put 
package? 


lUrl  Cu^  2 reck. 

'fh1t  o-rt  3 OOIO»\$ 


in  each 


The  conclusion  was 
made  in  terms  of  the 
context:  12  packages 
with  2 red  and  3 white 
in  each. 


pjk-’  ^ **v  US e.  c.  F 

a)  . 

V 

Vi  ;2  »/  zMf  o.w.5 
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This  solution  was  scored  “At  Grade  9 Level.” 


1 . How  many  packages  of  onions  did  you  make? 

X made  IX  packages  of  onions. 


2.  How  many  red  onions  and  how  many  white  onions  did  you  put  in  each 
package? 

X put  c^red  onions  cxnd  3 white  onions 
into  each  package. 


The  task  was 
understood.  There  was 
no  evidence  of  a 
workable  strategy. 
However,  the  correct 
number  of  packages  and 
of  red  and  white  onions 
was  indicated.  The 
student  correctly 
answered  each  question 
in  context. 


This  solution  was  scored  “Not  Yet  At  Grade  9 Level.” 


1 . How  many  packages  of  onions  did  you  make? 


'V  pocKayte  cf 


orJrrlP 


2.  How  many  red  onions  and  how  many  white  onions  did  you  put  in  each 
package? 

SfiMfackaff'  £ />Lct  &>  asJ  y 


The  problem  was 
partially  understood. 
Terms  like  “as  many  as 
possible”  were 
misunderstood. 
However,  the  student 
used  a factor  of  24  and 
36.  This  led  to  the  use 
of  6 and  9 as  the 
number  of  onions  of 
each  colour.  The 
answers  were  related  to 
the  questions  asked. 
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Observations  Regarding  Students’ 
Skills  and  Knowledge 

Students  who  participated  in  the 
performance-based  assessment  were 
motivated  and  stayed  on  task  for  one  to  two 
hours.  When  an  immediate  strategy  was  not 
evident,  ‘Trial  and  Check’  was  used.  In 
some  cases,  students  needed  reassurance  that 
it  was  all  right  to  use  manipulatives.  This 
implies  that  there  was  a lack  of  experience  in 
using  manipulatives  to  solve  mathematical 
problems.  Many  students  stayed  after  the 
assessment  sessions  to  talk  about  the  ways 
the  problems  could  have  been  solved. 


What  students  could  do: 


b)  the  rolling-tracing  method 

c)  the  surface  area  of  the  cylinder  and  — 
surface  area  of  half  cylinder 


Many  students  who  used  the  wrapping 
method  realized  that  the  upper  lateral 
surface  had  the  same  area  as  a triangle. 
Measurement  of  the  dimensions  was  well 
done.  Most  expressed  the  dimensions  to 
nearest  millimetre. 

• In  data  management,  the  collection  of  data 
was  well  done.  Many  students  were  able 
to  use  these  ordered  pairs  to  plot  the  graph 
for  this  continuous  information. 
Extrapolation  was  well  done  by  those  who 
extended  their  line  graphs. 


♦ In  estimating,  the  students  devised  a 
variety  of  strategies  all  of  which  led  to  a 
good  estimate.  The  majority  of  students 
preferred  the  counting  estimation  strategy 
over  the  grid-tray,  layering,  or  population 
sampling  strategies.  The  number  of  beans 
used  was  rounded  to  the  nearest  100  or  the 
number  of  cupfuls  was  rounded  to  the 
nearest  10.  This  made  estimation  a mental 
process. 

♦ In  using  scale  drawing,  the  students  again 
devised  a variety  of  strategies  to  measure 
the  non-linear  distance  between  two 
points.  They  used  copper  wire,  rolling  a 
penny,  or  measuring  very  small  line 
segments.  They  were  able  to  correctly  use 
the  scale  and  set  up  a proportion  to  find 
the  actual  distance. 

♦ In  the  seating  arrangement,  most  students 
used  the  manipulative  model  to  solve  the 
problem.  They  understood  the  meaning  of 
“rectangular  shape”  and  “no  holes  in  the 
middle.”  Some  students  were  able  to 
connect  this  problem  situation  with  the 
relationship  between  perimeter  and  area, 
where  the  area  remained  constant  and 
perimeter  varied.  The  dimensions  of  the 
rectangle  had  to  be  whole  numbers. 

♦ In  solving  the  lateral  surface  area  of  the 
solar  cylinder,  students  devised  three 
methods  for  finding  that  area: 

a)  the  wrapping  method 


• In  packaging,  most  students  used 
manipulatives  to  solve  the  problem.  Many 
of  the  students  found  the  greatest  common 
factor  of  24  and  36  and  used  it  to  find  the 
number  of  packages.  This  led  to  the 
number  of  each  type  of  onions  in  each 
package. 


Areas  for  improvement: 

• In  estimating,  the  students  need  to  realize 
that  it  is  a mental  process  requiring  very 
little  computation;  answers  such  1757.5 
are  not  acceptable  as  an  estimation.  This 
indicates  that  estimation  must  be 
reinforced  as  a mental  computation. 

• In  using  scale  drawing,  some  students  did 
not  use  the  scale  to  find  the  actual 
distance.  They  made  the  assumption  that 
1 cm  = 1 km.  Attention  should  be  placed 
on  use  of  scales. 

• In  the  seating  arrangement,  several 
students  were  satisfied  with  one  answer 
only.  They  did  not  investigate  for  all 
possible  solutions.  Activities  that 
encourate  alternative  ways  to  solve  a 
problem  may  help  lead  students  to 
exploring  alternative  solutions. 

• In  solving  the  lateral  surface  area  of  the 
solar  cylinder,  many  students  tried  to 
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apply  a formula  for  finding  surface  area. 
This  they  could  not  do  because  of  the 
shape  of  the  upper  part  of  the  cylinder. 
Many  careless  computations,  such  as 
150.3  + 50.8  = 658.3,  indicated  that 
students  did  not  estimate  for  the 
reasonableness  of  their  answers. 

• In  data  management,  the  data  recorded 
were  not  recognized  by  some  students  as 
continuous.  Therefore,  these  students 
drew  a bar  graph.  It  is  important  for 
students  to  recognize  the  suitability  of  a 
graph  based  on  the  information  displayed. 

• In  packaging,  some  students  did  not  relate 
the  greatest  common  factor  and  its  other 
factor  to  solve  the  problem.  The  use  of 
greatest  common  factor  as  a problem- 
solving strategy  is  very  useful  in  problems 
such  as  the  packaging  problem. 

Finally,  feedback  from  the  teachers  of  the 
students  who  completed  the  tasks  indicated 
that  the  type  of  problems  presented  in  these 
tasks  were  an  excellent  way  for  students  to 
demonstrate  approaches  to  problem  solving. 
As  well,  these  tasks  can  serve  as  a model  for 
possible  instructional  activities  in  the 
classroom. 
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APPENDIX  A 
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APPENDIX  B 


MATHEMATICS  PBA  HOLISTIC  SCORING  CRITERIA 


PROBLEM  SOLVING 

COMMUNICATION 

3 

B 

E 

Y 

0 

N 

D 

Analyzed  and  readily  understood  the  task. 

Developed  an  efficient  and  workable  strategy. 

Showed  explicit  evidence  of  carrying  out  the 
strategy. 

Synthesized  and  generalized  the  conclusion. 

Rich,  predse  and  dear  all  the  time 
(mathematically  correct,  correct  symbolism). 

Representation  is  very  perceptive  (chart, 
diagram,  graph). 

Explanations  are  logical  and  appropriate. 

2 

A 

T 

L 

E 

V 

E 

L 

Understood  the  task. 

Developed  a workable  strategy. 

Inferred  (some  evidence)  but  not  always  clear. 
Connected  and  applied  the  answer. 

Appropriate  most  of  the  time,  accurate,  mostly 
clear. 

Representation  is  accurate  and  quite 
appropriate. 

Explanations  are  mostly  clear  and  logical. 

1 

N 

0 

T 

Y 

E 

T 

A 

T 

Partially  understood  the  task. 
Appropriate  strategy  some  of  the  time. 
Possible  evidence  of  a plan  - not  dear. 
Partial  connection  of  answer. 

Appropriate  some  of  the  time,  but  may  not  be 
clear. 

Uses  representation  but  not  too  precisely. 
Explanations  have  some  dear  pads. 

0 

Totally  misunderstood. 
Inappropriate,  unworkable  strategy. 
No  evidence  of  carrying  out  a plan. 
No  connections  of  answer. 

Blank. 

Unclear  or  inappropriate  use  of  symbolism, 
tnconect  use  of  representation. 
Explanation  is  not  clear. 

Blank. 
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APPENDIX  C 


These  provincial  results  show  the  percentage  of  students  demonstrating 
the  different  levels  of  performance  for  problem  solving  and  communication  skills. 


PERCENTAGE  OF  STUDENTS  AT  EACH  LEVEL 


Performance 

Level 

Activity  1 
PS  C 

Activity  2 
PS  C 

Activity  3 
PS  C 

Activity  4 
PS  C 

Activity  5 
PS  C 

Activity  6 
PS  C 

All 

Activities 

3 

8.3  6.0 

15.1  17.7 

9.1  11.5 

2.4  4.0 

15.9  23.2 

50.1  32.6 

16.8  15.8 

2 

41.7  35.6 

32.0  36.8 

13.5  17.3 

36.4  40.4 

47.7  40.4 

12.1  39.8 

30.6  35.1 

1 

34.4  41.0 

44.1  38.8 

30.4  35.8 

48.3  44.9 

27.8  30.0 

18.5  21.1 

33.9  35.3 

0 

15.5  17.5 

8.7  6.8 

46.9  35.4 

12.9  10.7 

8.5  6.4 

19.3  6.6 

18.6  13.9 

PS  — Problem  Solving  3 — Beyond  Grade  9 Level 

C — Communication  2 — At  Grade  9 Level 

1 — Not  Yet  At  Grade  9 Level 
0 — Totally  Misunderstood  or  Left  Blank 
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